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INTRODUCTION 
During the past three decades commercial egg production 
managers with their least cost profit oriented approach have 
demanded a more efficient egg laying hen. In an attempt to 
meet this demand/ commercial poultry breeders have strived 
to develop small or intermediate weight hens which will lay 
large eggs at a high rate. Often the criterion used to eval­
uate body size has been that of body weight at some specific 
age. 
It is known that body weight is a function of both skele­
tal size and condition or fleshing. Dickerson and Hughes 
(1964) and Nordskog and Briggs (1968) have shown that fleshing 
or condition is an economically important component in terms 
of laying house performance. Variation in condition was as­
sumed to be mostly determined by variable husbandry practices. 
If so, then poultry breeders selecting for small or inter­
mediate hens on the basis of body weight alone could in reality 
favor birds with poor viability and egg production. 
The main objectives of the study were: a) to estimate 
the heritability of the relative growth constants derived from 
an adult population of pullets (stàtî'c population) using the 
relationship y = ax^  where y is shank length and x is body 
weight, b) to estimate the relative growth constants in grow­
ing pullets (dynamic population) using the relationship 
2 
g 
y = oix where y is an indicator trait for bone, muscle or 
fat and x is total body weight, c) to determine the useful­
ness of certain indicator traits of bone, muscle and fat as 
they determine the variation in body weight at sexual maturity, 
d) to estimate the relative importance of the components in 
determining variation in total body weight of pullets at the 
onset of egg laying, e) to estimate the extent to which rela­
tive growth constants and components of body size are corre­
lated with egg production. 
A Glossary is provided to enable the readers to familiar­
ize themselves with the terminology used in this study. 
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REVIEW OF LITERATURE 
The literature review will deal mainly with repro­
ductive performance as it relates to: (1) body weight, 
(2) skeletal measurements, (3) muscle and fat measure­
ments and (4) organ measurements. Also, the general 
theory and application of allometric analysis and the ques­
tion of conformation as related to condition and its meas­
urement will be reviewed. 
Relationship of Body Measurements to 
Reproductive Performance 
Body weight and reproductive performance 
Nordskog and Briggs (196 8) examined the relationship be­
tween egg production and body weight in data from the Iowa 
Multiple Unit Poultry test. They assumed that strain dif­
ferences on the same farm were genetic while farm differences 
with sample of the same strains were environmental. On an 
environmental scale, lowering body weight by 0.1 kg. from an 
overall mean of 1.5 kg. decreased hen-housed egg production 
by 18 eggs and increased age at maturity by 14 days. How­
ever, on the genetic scale, lowering body weight 0.1 kg. in­
creased hen-housed egg production by 12 eggs and decreased age 
at maturity by four days. The authors suggested that body 
weight is determined by skeletal size on a genetic scale and by 
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condition or fleshing on an environmental scale. 
Doran and Quisenberry (1971) divided 5,180 Leghorn pul­
lets into three weight classes and subsequently monitored 
reproductive performance until 50 percent egg production was 
attained. Egg size and production was greatest for the 
heavier birds and intermediate for the medium weight birds. 
Heavy and medium weight birds reached 50 percent egg produc­
tion earlier than the light weight birds. 
Dickerson and Hughes (1964), in reviewing reproductive 
perfoirmance in several commercial field tests, reported that 
for each 0.1 lb. below an optimum body weight, egg production 
declined 1.0 and 1.5 percent, sexual maturity was delayed 
three to four days and eggs per pullet housed declined by 
five to eight eggs. 
Reinhart and Jerome (1970) examined the relationship 
between body weight and egg production in Leghorn lines 
selected for both increased egg numbers as well as bi-
directionally for small and large body size. The large body 
lines averaged 4.6 percent higher egg production than control 
lines over the entire laying period. 
Skeletal measurements and reproductive performance 
Waters (1927) was unable to predict egg production from 
skeletal dimensions based on data from 200 White Leghorn 
pullets measured for depth of head, width of cranium, length 
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of beak/ depth of body and length of keel. Clevenger and Hall 
(19 34) found a curvilinear relationship between head types 
and egg production in White Leghorn pullets. They concluded 
that birds could be selected for egg laying ability using 
anatomical head measurements. Quisenberry et (1941) also 
investigated the relationship between skeletal dimensions and 
egg production in mature White Leghorn hens. The phenotypic 
correlations between diameter of tibia and of metatarsus 
with first-year egg production were -0.22 and -0.11, respective­
ly. The correlation between width of furculum and first-year 
egg production was -0.15. 
Muscle and fat measurements and reproductive performance 
Little work hcis been reported concerning the relationship 
between egg production and other components of body size such 
as muscle and fat measurements in egg-type poultry. Jull 
(1946) reported that breast width and breast depth were highly 
correlated with the amount of breast meat in meat-type poultry. 
Siegel and Essary (1959) reported that the phenotypic corre­
lation between breast angle and 8-week body weight in White 
Rock males was r = 0.38. Siegel (1963) reported a pheno­
typic correlation of r = 0.02 between 8-week breast angle and 
40-week egg production in White Rock hens. The correlations 
between breast angle with egg weight and sexual maturity were 
0.15 and 0.01, respectively. 
Several workers have observed that body weight increased 
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markedly prior to sexual maturity. Hurwitz et al. (1971) 
recorded individual body weight changes on White Leghorn 
pullets for 32 days before and after the onset of production. 
Body weight gains and feed consumption accelerated at a rapid 
rate from 16 days before the onset of production up to the 
day of first egg. After the onset of production, body weight 
and feed consumption remained constant. While studying the 
growth of bone relative to total body weight/ Lerner (1937) 
noted a slight flattening of the regression line at the 
higher body weights in females which he presumed was due to 
continued deposition of fat after bone growth had ceased. 
In a study of growth after 20 weeks of age. Cock (1963) 
noted a greater increase in female body weights them in males; 
this was attributed to the tendency for females to lay down 
large amounts of abdominal fat prior to and during the onset 
of production. 
Doornebal ^  a2. (1970) examined the gross chemical compo­
sition of females from three widely different strains of White 
Leghorns. Two had been selected for increased egg production. 
The strains differed also in body weight at both sexual 
maturity and 440 days of age. Approximately half of the dif­
ference in body weight between the selected strains and the 
control, both at puberty and at maturity,could be accounted 
for by a lower deposition of fat in the selected strains. 
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Organ measurements and reproductive performance 
Using the same three strains previously reviewed (Doorne-
bal et / 1970), Frankham and Doornebal (1970) studied the 
relationships between body, carcass and organ weights with 
reproductive traits. Body weight and carcass weights were 
significantly lower in the selected strains at both sexual 
maturity and 440 days of age. At 440 days the oviduct weights 
of the selected strains were significantly higher than those 
of the control. Francis and Finkner (1970) calculated the 
percent of body weight for the ovary and oviduct within a 
single strain of White Leghorn pullets. Differences in the 
percentage of body weight at 20 weeks for seven different 
weight groups were not consistent. Some pullets were much 
heavier at housing than others, evidently because they dif­
fered in total body weight and not necessarily only in organ 
weights. Kamar et al^ . (1973) examined the ovary and oviduct 
weights of early and late-maturing Fayoumi pullets exposed to 
different lighting regimes. Early-maturing hens had heavier 
ovaries and oviducts than the late-maturing hens but tended 
to be lighter in total body weight. 
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General Theory and Applications of 
Allometric Analysis 
The relationship between components of body size and 
reproductive performance can be studied by monitoring changes 
in the form and composition of the growing bird as it ap­
proaches maturity (relative growth). 
General theory 
A quantitative measure of conformation should include 
the measurement of the relative proportions of the size of the 
entire animal and one or more parts, both of which are chang­
ing with time. The study of the relative growth of a part of 
an animal in comparison to the whole is termed allometry. 
Growth of a whole animal (x) or a part (y), with respect to 
time, is exponential and can be represented by the equations, 
k^ t 
y = 
k t 
X = c^e 
where : 
c^ fCg = constants of origin, 
l^'^ 2 ~ growth rate constants, 
t = age of the growing animal. 
The natural logarithms of these equations are, 
In y = In c^  + k^ t^ 
In X = In 02+3^ 2"'-
(1) 
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The differentials are, 
dy/y = k^ dt (2) 
dx/x = kgdt (3) 
Dividing (2) by (3), 
k.dt k-
dy/y . x/dx = iqât = iq-
or 
dy/y • x/dx = B (5) 
The relative growth constants k^  and kg represent the change in 
X or y relative to the change in time. In Equation (5), B is 
the ratio of the relative growth constants. Rearranging terms 
in (5) and integrating yields a function that describes the 
change in x in terms of y, 
dy/y - 6 dx/x = 0 
and 
In y - [ B In x + In a] = 0 (6) 
and 
y = ax^  (7) 
It should be noted that this function is empirical and that 
X and y could be interchanged which would then yield an inverse 
relationship of Equation (7). The allometric equation has 
been discussed by Huxley (1932) in his book. Problems of 
Relative Growth. 
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The assumptions Huxley used to deduce Equations (2) 
and (3) were, 
1) Growth is a process of self-multiplication of 
living substance i.e., that the growth rate of 
an animal growing equally in all its parts is at 
any moment proportional to the size of the animal. 
2) The rate of self-multiplication slows down with 
increasing age. 
3) Self-multiplication is sensitive to the external 
environment. 
4) All parts of the body are equally affected by (2) 
and (3). 
Logarithms of actual units of measure i.e., kg., cm., and ml., 
express growth in an n-fold manner, since logarithm addition 
is equivalent to actual unit multiplication. Thus, depending 
on the scale, growth can be expressed either multiplicatively 
or additively. 
The underlying assumptions that Huxley used to formulate 
the allometric relation have been criticized both empirically 
and theoretically. 
Laird (1965), Laird and Howard (1967) and Laird et al. 
(1968), cited several cases which did not meet Huxley's as­
sumptions but concluded that these exceptions were not suf­
ficiently critical to invalidate the general applicability 
of the power function. Other workers have used expressions 
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more complex than the allometric equation which, in certain 
cases, may yield a closer fit to experimental data. These 
cases have been summarized by Gould (1966). He concluded 
g 
that the power function y = ax will continue to be used in 
biological studies because it gives a reasonable statistical 
fit and is simply and easily interpretable. 
When attempting to interpret the parameters (a,B) of the 
power function, it is instructive to return to its derivation. 
From Equation (4) the exponent g is found to be simply the 
ratio of the relative growth constants (k^ ykg) of the variates 
X and y. Whether or should be the denominator or the 
numerator is mainly a matter of taste for the experimenter. 
Usually the question of which variate should be dependent and 
which independent is not relevant since both are usually 
measured with the same relative degree of error. Stability 
of the exponent quantity 3 indicates that, although x and y 
may be increasing at different rates of self-multiplication, 
the ratio of these rates is constant. When 3 > 1.0 (positive 
allometry), there is a differential increase of y relative 
to x; when 3 < 1.0 (negative allometry), the ratio y/x de­
creases with increasing absolute magnitude of x. When 3 = 
1.0 (isometry), geometrical proportions vary directly with 
size. In all of the above cases, it is required that the 
dimensions of x and y are the same. 
The biological interpretation of a is not as straight­
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forward as shown in Equation (6) or (7). Mathematically, 
Equation (6) represents an indefinite integral and In a is 
the constant of integration. When x = 1, In a is the y-
intercept. If the lower limit of the domain of x is not 1.0, 
then a has no biological relevance. If however, the lower 
limits of the domain of x is 1.0, then a is the relative size 
of y when x = 1.0. Seldom, if ever, will x be measured 
exactly at 1.0 in practice. 
The mathematical interdependence of a and 6 has been 
examined by Gould (1966). He noted that the correlation be­
tween a and g for any two allometric plots could be interpre­
ted as a point of intersection, but concluded that this could 
be changed arbitrarily simply by changing the unit of measure­
ment. Cock (1963) developed an approximate significance test 
for whether differences in a are due to 6. He called this 
a "test for concurrence" of regression lines. This test will 
be discussed in the Statistical Procedures section. 
There are numerous ways to classify allometric studies 
but basically, within a given population as used for quanti­
tative studies in poultry, there are two types of allometry, 
1) ontogenesis, the allometry of growing animals and 2) 
allomorphosis, the allometry of mature or adult individuals. 
Ontogenetic analyses have been classified (Tanner, 1962) 
into. 
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1) longitudinal; exactly the same set of individuals are 
measured at more than one age. 
2) static: one set of measurements are made on 
individuals all of the same age. This 
yields information on size and shape 
differences at a given age but not on 
the dynamic*(growth) process by which 
this is reached. 
Applications of allometric analysis 
Body form of an animal can be considered a single metric 
trait within a given group of animals of a species, which is 
constantly chainging during growth. The changing nature is 
described by the allometric equation. A practical question 
is, can body form be genetically changed by selecting on the 
parameter estimates of the allometric equation (a,3) in a 
population. However, if selection causes changes, how do they 
compare with changes resulting from selection on actual body 
measurements. Reeve (1950) observed that size and body propor­
tions of fruit flies can be changed genetically by continued 
selection on one or another dimension. In a study examining 
the genetic variation of relative growth rates in the water 
boatman, Misra and Reeve (1964) found that approximately one-
third of the phenotypic variance in the relative growth rate 
of the femurs relative to body length was due to genetic 
effects. Kidwell and Williams (1956) studied the allometric 
growth of Dark Cornish fowl by measuring body weight, body 
depth, keel length, and tarsometatarsus length at weekly 
intervals from one to ten weeks of age. They found that the 
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heritability of relationships involving muscle growth as well 
as skeletal growth were very low. On the other hand, Kidwell 
et al. (1952) reported that the heritability of skeletal 
growth, in terms of a and g, was highly heritable in beef 
cattle. This disagreement was attributed, in part, to the 
small number of sires (five) smd consequently large sampling 
errors in the study involving fowl. In the earlier study, 
the small unit of measure associated with x resulted in all 
curves passing through a common point. Under these conditions 
a turned out to be approximately the inverse of g; hence, most 
of the variation associated with a was sinç>ly the inverse of 
the variation associated with 3. It seemed that this rela­
tionship was responsible for the close similarities in the 
estimates of corresponding values of a and g between allometric 
plots. Further examination indicated that a and g were 
measures of the Scime biological phenomenon for this particular 
experiment. 
Cock (1969) made comparisons of skeletal dimensions be­
tween adult females of four lines of fowl selected, respective­
ly, for relatively long and short shanks (HI and LI) and for 
high and low body weight (HW and LW) at 10 weeks of age. 
The index of relative shank length (HI and LI) was. 
Index = (shank length -0.4 log (body weight)) 
which is the log value of a, the y-intercept of the allometric 
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equation. The coefficient of 0.4 in the index was the ap­
proximate average value of the coefficient of ontogenetic 
allometry during post natal growth, (Cock, 1963). In the 
comparisons between HI and LI, the extent to which shape 
selection might utilize genes which specifically change the 
length of the tarsometatarsus, but not the length of other 
bones, or change the size of the legs as a whole, but not the 
wing, was examined. They showed that elongation of the leg 
in HI compared with LI was greatest in the tarsometatarsus 
and least in the femur. This type of differential growth, 
referred to as proximo-distal gradient of elongation, was 
not observed in wing bones. The LI females were clearly much 
more compact and thick-set than the HI females. 
Conformation or condition measurements 
In an effort to metrically describe the body conformation 
or shape of market turkeys, Jaap (1938) proposed a measure 
consisting of the ratio of shank length to the cube root of 
body weight. His ratio is almost equivalent to Cock's index 
of relative shank length and is based on the constant 0.33 
instead of 0.40 for the value of the relative growth rate of 
shank length. In a later study, Jaap and Thompson (1940) re­
ported significant breed and family differences for the shank 
length-body weight ratio as a criterion for body conformation. 
White leghorns had proportionally longer shanks than those of 
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the meat-type breeds. 
Casey (1970) proposed a condition index which was the in­
verse of Jaap's index. The average heritability of the condi­
tion index based on ten different lines used in a selection 
experiment was 0.08. He suggested that because condition in 
egg-type hens is mainly determined by environmental factors, 
it is not expected to be highly heritable. 
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MATERIALS AND METHODS 
For the Static Analysis of 
Body Measurements 
The data for the analysis of body measurements taken on 
adult birds came from a selection experiment involving seven 
White Leghorn lines and three Fayoumi lines. A description of 
the lines and results of the experiment have been given by 
Casey (1970). Briefly, single trait selection was practiced 
on five Leghorn lines and three Fayoumi lines, and two-trait 
selection was practiced on two Leghorn lines. The base popula­
tion of the Leghorn lines was derived from 12 diallel single 
crosses between four commercial lines. The Fayoumi lines 
originated from a flock maintained at the Iowa State Univer­
sity Poultry Research Center. 
The number of records analyzed/ selection criteria and 
number of male and female breeders used in each line are sum­
marized in Table 1. Leghorn line A and Fayoumi line J were 
selected for high rate of egg production to 32 weeks of age. 
Leghorn line B and C were selected for high and low body 
weight, respectively, and Fayoumi line K was selected for 
high body weight. Leghorn line D and E were selected for high 
and low egg weight and Fayoumi line L was selected for high 
egg weight. Leghorn line F was selected for high body weight 
and low egg weight; Leghorn line G was selected for low body 
weight and high egg weight. 
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Table 1. Lines, number of records, selection criteria and 
average number of breeders utilized in analysis of 
live measurements taken on adult birds 
Line 
Generations 
in the 
analysis 
Number of 
individual 
records 
Selection 
criteria^  
Number of 
breeders/ 
generation 
<f 's 9's/cf 
Leghorn 
A 9 6007 H-EP 16 10-14 
B 9 1763 H-BW 8 8-10 
C 9 2118 L-BW 8 8-10 
D 9 2264 H-EW 8 8-10 
E 9 2245 L-EW 8 8-10 
F 8 2164 H-BW 
L-EW 
8 7-10 
G 8 2228 L-BW 
H-EW 
8 7-10 
Fayoumi 
J 8 3555 H-EP 16 7-10 
K 8 1244 H-BW 8 7-10 
L 8 2165 H-EW 8 7-10 
-^Low, H-High, BW-Body Weight, EW-Egg Weight, EP-Egg 
Production. 
Each generation consisted of two or three hatches, each 
two weeks apart. After the chicks were pedigree hatched, they 
were reared intermingled to approximately eight weeks and 
then placed on summer range. At 20 weeks, body weight and 
shank length were recorded for each hen. Body weight was 
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measured to the nearest 0.1 lb. and shank length, measured 
with parallel jaw calipers, was recorded to the nearest cm. 
Because records were taken on birds all of the same age 
(practically at adulthood) , the data were considered to be 
a sample from a static population. 
For the Longitudinal Analysis of 
Body Measurements 
The data analyzed in the study on growth parameters con­
sisted of over 9,300 measurements taken on a special hatch 
of a pedigreed population of 386 Leghorn pullets at ages from 
9 to 33 weeks. The pullets were represented by approximately 
equal numbers of each of three lines which are part of a long-
term selection experiment for efficiency of egg production^  
at the Iowa State University Research Center. The pullets 
were reared in Research Center pullet-rearing facilities with 
each bird randomly assigned to one of four growing pens. 
Pullets exhibiting abnormal growth or deformities were re­
moved from the study. 
The measurements taken on the live body, the carcass and 
the reproductive traits at the different ages are given in 
Table 2. Since the same body measurements were taken on each 
pullet at 9, 13, 17 and 21 weeks of age, these constitute a set 
T^he selection criteria for the selection experiment are; 
Line Qi, high part-record egg production. Line Q2/ high ratio 
of egg~weight to body weight and Line Q3, high ratio of egg 
mass to body weight. 
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of longitudinal data. 
Body weight (BW) was recorded to the nearest 10 g. Shank 
length (SL), regarded as an estimator of skeletal size, was 
measured to the nearest 0.1 cm. using a set of parallel jaw 
calipers. Breast-probe (BP), regarded as an estimator of 
fleshing, measured the depth of the pectoral muscles one centi­
meter left and perpendicular to the anterior tip of the ster­
num. The procedure consisted of placing a hard rubber guide, 
one centimeter in width, adjacent to the sternum and inserting 
a probe through the guide into the muscle. Thickness of an 
Table 2. Measurements tsiken for the longitudinal analysis of 
growing Leghorn pullets 
Trait code 9 13 T 32 33 
Live: 
Body Weight BW X X X X 
Shank Length SL X X X X 
Breast Probe BP X X X X 
Skin Pinch (abdominal) SP-A X X X X 
Skin Pinch (under-wing) SP-U X X X X 
Dead: 
Carcass Wt. (w/o blood, 
feathers) CW-1 x x 
Carcass Wt. (eviscerated)CW-2 x x 
Reproductive Organ Wt. RO x x 
Internal Fat Score IF x x 
Reproductive : 
Egg Production EP x 
Sexual Maturity SM x 
Egg Weight EW x 
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abdominal skin pinch (SP-A) was used as the estimate of fat­
ness of a pullet. Thickness was measured to the nearest 0.1 
mm. The measurement was taken midway between the cloaca and 
the posterior tip of the sternum. An ancillary measurement 
on the thickness of a skin pinch under the wing (SP-U) was 
also taken in 0.1 mm. units in an area generally devoid of 
fat deposits. The location was midway between the anterior 
tip of the sternum and the dorsal tip of the coracoid. Both 
skin pinches were measured with an Ames Thickness Measure 
(#25 ME), and in a manner which prevented feathers from 
entering into the actual thickness measure. 
A double sampling technique was used for the first set of 
measurements on fleshing and fatness to test the accuracy of 
the measurements. The coefficient of variation in percent 
were; 12.9, 19.9 and 32.9 for breast probe, abdominal and 
under-wing skin pinch, respectively. At 22 weeks of age, each 
dam family was split into two groups. Half of the pullets 
(160)/ were sacrificed to obtain carcass measurements. The 
remaining pullets (182), were then randomly assigned to one 
of 15 pens to monitor reproductive performance. 
Carcass weights of the sacrificed birds were recorded to 
the nearest 10 g. after the birds were bled and feathers re­
moved (CW-1). Reproductive organ weights (RO), which included 
both the oviduct and ovicluster, were measured to the nearest 
0.1 g. Eggs present in the oviduct were removed to avoid 
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biasing weights of reproductive organs. A second measurement 
of carcass weight (CW-2), was taken after the bird was 
eviscerated in order to determine carcass weight devoid of 
internal organs. The amount of internal fat (IF), was esti­
mated by giving it a subjective score. The scores ranged from 
five, for excessive fat deposition, to one, for little or no 
internal fat. 
Reproductive performance was monitored by trapnest 
records on the remaining pullets until 33 weeks of age. The 
performance traits measured on each hen were, sexual maturity 
(SM), percentage egg production (EP) and 32-week egg weight 
(EW). At 33 weeks of age these hens were also slaughtered to 
obtain the measurements CW-1, CW-2, RO and IF. 
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STATISTICAL PROCEDURES 
Estimation of Parameters from 
Stat.i c Analysis 
Since the measurements on the pullets were taken zt a 
single age (20 weeks), the data represents a sample from a 
static population. For each of seven Leghorn and three 
Fayoumi lines, least squares estimates of the initial growth 
constant, a and the coefficient of static allomciiry, g, were 
first calculated. Calculations were based on the siitple least 
squares analysis of the log transformed linear equation, 
= log + 3^  logfx^ j^ ) 
and then solving for the unknowns and 0^  for each line i, 
where ; 
yj4^ ,x = shank length (y) and body weight (x) of the 
J x:jk ]^ th bird in the year of the ith line. 
Values of and g..,, were calculated for eadi individual IJK IjK 
in each line by substituting y%j^ , and x\j^  and or 8^  into 
the above linear equation, where : 
a . =  i n i t i a l  g r o w t h  c o n s t a n t  f o r  t h e  k th bird in the 
year of the ith line, henceforth referred to . 
as ttg, 
0. = coefficient of static allometry for the kth bird 
^ in the year of the ith line, hencefortET 
referred to as . 
s 
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m n 
For each of P lines there were Z E n., = N individuals j=l k=l 
giving a total of PN derived values of and 3^  for the 
analysis. 
Estimation of Parameters from 
Longitudinal Analysis 
Regression analysis 
Two types of differences in relative growth rates between 
individuals were defined by Reeve (1940) , 
1) The difference in the relative growth rate between 
individuals as measured by the slope of the allometry 
line was termed "differences in slope". 
2) The difference in the size of a part of the body 
between individuals equal in body size regardless 
of differences between relative growth terms was 
terzned "positional difference" i.e., difference in 
predicted size. 
These two types of differences can best be described 
algebraically using the following equations as applied to 
two individuals, 
y^  = Individual 1 
2^ ~ *^ 2  ^^ 2*2 Individual 2 
If the ratio y^ /x^  differs from the ratio yg/Xg while , 
then the slopes of the allometry lines for individuals (1) and 
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(2) will differ. This would be a difference in slope. If 
individuals (1) and (2) have identical body size (x^ sxg) but 
differ in part size , then the difference in slope 
would be a result of differences in y. This is termed a 
difference in position i.e., differences in predicted size 
of y at x=0. This argument also holds for a series of paired 
measurements on x and y. Thus, if two individuals do not 
differ in slope or predicted size for a given set of relative 
growth measurements, then the goodness of fit of a single 
regression line or a series of individual regression lines 
will be the same. Furthermore, if there are no differences 
between the slopes of two individuals, but differences in the 
means of y, two parallel regression lines can be constructed, 
one through each individual's mean, and the goodness of fit 
for the two parallel lines and two separate lines will be the 
same. Thus, the difference in goodness of fit between sets of 
separate and parallel lines is an estimate of the amount of 
the variation in y due to slope differences. Likewise, the 
estimate of the amount of variation in y due to differences 
in predicted size is the difference in goodness of fit between 
a set of parallel regression lines and a single regression line. 
The composition of the regression analysis on the body 
measurements is shown in Table 3. The overall, or single 
regression line for this analysis is represented by the 
equation. 
Table 3. Form of regression analysis for live measurements on growing Leghorn 
pullets 
Source d.f.^  Sum of Squares 
Between individual regressions (6^ ) n-1 C-D 
Between individual-predicted measurements 
(Yjç ) t all with common regression n-1 A+D-B-E 
Residual/individuals n(t-2) B-C 
Non-linear (t-2) n(F-G) 
Individual x Non-linear error (n-1) (t-2) B-C-n(P-G) 
— N> 
Total nt-2 A^ E  ^
n^ = 386 = number of individuals, t = 4 = number of ages measured. 
See Table 4 for definitions of A, B, C, D, E, F, and G. 
27 
+ =kt' <®> 
the regression line for the kth individual is, 
yjcn = ïk. + + Gkt 
the regression line fitted to age means is, 
y 2 = ) + e^ (10) 
and the parallel regression line for the kth individual is, 
fka = Tk. + (11) 
where : 
X. p,y.ç = the independent and dependent log transformed 
variable of the kth individual at the 2th age, 
X, ,y. = the mean of the independent and dependent 
variable of the kth individual averages over 
ages, 
X g,y Q = the mean of the independent and dependent 
variable at the age averaged over 
jjidividuals. 
X ,y = the overall mean of the independent and 
dependent variable, 
e,p,e, = error components for Equations (8), (9), (11), 
and (10), respectively, 
g = slope of the linear regression line of 
Equation (8), (10), and (11) based on the 
entire set of data, 
g = slope of the linear regression line for 
Equation (9). 
Equations (8) , (9), (10) and (11)-may be denoted in matrix 
notation. 
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Yl = (12) 
2^ ~ ^ 2^ 2 ®2 (13) 
(14) 
(15) 
where ; 
-1 x^ -
2^  ^ *12 
X 
• 
r 
• 
jn 
for the rth equation. 
Since single and parallel lines were fitted, one for each 
individual. Equations (13) and (15) represent a set of 4n 
equations, four for each individual, included in the analysis. 
In all cases, the dependent variable was either shank length, 
breast probe, vinder-wingskin pinch or abdominal skin pinch, 
while the independent variable was always body weight. 
It is convenient to use the following notation in the 
derivation of suxns of squares in the regression analysis. 
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Y^ Y -R(3q) = corrected total sums of squares for the 
rth equation, 
$= regression sums of squares of the rth 
 ^^  equation 
(3q) = goodness of fit of the rth equation, 
cuad 
[%;+i%r+i-a(eo)-*;+i*r+i]= difference 
in goodness of fit between Equations (r) and (r+1) , 
where: 
R(6q) = reduction in variance associated with 6_ 
the overall mean of the rth equation, 
Y'Y , Y' _Y = total uncorrected sums of squares for 
equations r and r+1, respectively, 
Y Y , Y' ^ Y ^  = regression sums of squares for equa­
tions r and r+1, respectively. 
Y ', Y ' = row vector of Y and $, respectively. 
The procedure, summarized in Table 4, is an extension of a 
method used by Cock (1963) and Reeve (1940). It permits a 
partitioning of the variation in y due to individual regression 
and between individual predicted measurements. The assump­
tions required for estimation and tests of significance are, 
1) That both the single and individual regression lines 
are linear. 
2) The basic error variance estimated by 
normally distributed, uniform over the range in 
which (x) is measured and homogeneous between 
individuals. 
3) That X is a true independent variable measured 
without error. 
Table 4. Derivation of svuns of squares for regression analysis on live measure­
ments of growing Leghorn pulletsa 
Niufeer Equation "form" 
A=Yj^ Yi-R(yi) 
1 Yi n^ = y + P(x. j-x ) + e. J Yj=x,B,+e 1 Overall 
" Ttx, .. kx, 1 1 1 1 Regression 
B-Y'Y2-R(y2) 
2 = ïk. + "6 â^«etsïoi 
o.4'«2 
FeY^ Yg-RXWg) 
3 y 0 = y + 6(x .-x ) + e* Y-=Y_GT+e_ 1 Regression 
'* '% j j J. j of age 
means 
" - fk. + ek(*k*-=k.)+«k% *4-X4ei+=4 :'=*4^ 4 
regression 
(parallel 
lines) 
*y=shank length, breast probe, abdominal skin pinch and under-wing skin pinch; 
x=body weight; k=l,2,...,386; &=1,2,...,4. 
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Estimation of longitudinal pcirameters 
The analysis for this section is mainly represented by 
calculations of simple linear equations of y on x. The sums 
of squares of deviation of (k=l,...,n; £=1,,..,4) about 
— 2 — 2 
are denoted by (x ) and likewise for y^  ^ by (y ). 
2 2 The corresponding variances are denoted by a and a X Y 
and the co-variances by . Thus, the terms entering into a 
regression analysis are defined as, 
var'êkl = *AsE/Sk(»f)' 
) ~ predicted size of y at overall 
mean of x 
/ 
'Yk' = 
A / 7 ' Ay^  - Sj^ (y ) = growth increment of the part, 
A J 5" 
AXj^  = (x ) = growth increment of the whole 
Tests of significance 
Since differences in the slope of the regression line, 
3j^ , will cause differences in , the question is how much 
of the differences in y^  are due to Cock (1963) has 
considered this question and proposed a "test for concurrence", 
The basic premise for the test is that if all differences in 
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are due to then separate regression lines, one for 
each individual, should converge within some common region 
i.e., a region of concurrence. The value, a, on the x-axis 
is found where the variance among the y-intercepts, Var(J ), 
to a line drawn parallel to the y-axis through point (a) is 
minimum. However, Var(y ) may be underestimated since the 
error variance of decreases as the distance from 5^  de­
creases. To remove most of this bias the Var of y^  corrected 
for Varg(y^ ) is minimized. 
Var^  (y^ ) = Var (y^ ) - Var^  (y^ ). 
The .hypothesis.to be tested is.that .the Var^ (^ )^ is not 
significantly different from zero.i.e., a point of concurrence 
exists and differences in are due to 6^ . This hypothesis 
is tested by comparing the ratio of Var to the error 
variance, Var^ , as an F-test. 
Estimation of phenotypic and genetic variances and coveuriances 
The estimated phenotypic and genetic variances of the 
traits were derived from the analysis of variance of the 
records on log transformed measurements using the statistical 
models, 
*ijk = ^  + d^ j + 
and 
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?iik = v + s. + a.J + e. .J. 
where: 
X. , y..^  ~ record on the log transformed measurement 
 ^ . of the kth progeny of the dam mated to 
the ith iTre, 
ji = population mean, 
= effect of the ith sire, 
d. .= effect of the jth dam mated to the ith sire, 
xj — — 
e. ., = effect of the kth progeny of the jth dam and the 
i^  sire. 
From an analysis of variance using the phenotypic or 
genetic covariance between two measurements, x and y, were 
computed from the formula, 
where: 
a = the covariance between x and y, 
xy 
2 the variance of the sum of x and y, 
2 ffy = the variance of y, 
2 <y^  = the variance of x. 
The heritability of each measurement was calculated separately 
using the sire and dam components of variemce as. 
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where : 
h = 
a_ =  
s 
4 
a? = 
or, = 
the heritability based on the components shown 
by the subscript/ 
sire component of variance, 
dam component of variance, 
phenotypic variance of the trait. 
The approximate standard errors used for the heritability 
estimates were, 
for 1)2 : = 40ss/°p 
for h^ : Sg . 
where: 
"ss I|k; 
SS 
d^d =' 
K dd 
(MS) 
"N 
I (MS)! 
(MS) 
~n7~ 
(MS) 
"n 
is the coefficient of the dam component in the dams within 
sire mean square, and is the coefficient of the sire 
component in the sire mean square. The terms (MS)^ , (MS)^  
and (MS)^  are the mean squares for sires, dams and progenies, 
respectively, with degrees of freedom N^ , and 
(Dickerson, 1969). 
The genetic correlation between measurement x and y as 
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computed from sire and from dam components of variance are 
given by 
°=xy'' 
= a. (dam) 
2 2 2 
where a , a are the sire components of variamce # cr. and 
2 X 
a, are the dam components and a and a. are, respectively, 
y ^xy ^xy 
the dam cuid sire covariance components for measurements x 
and y. The phenotypic correlation between measurement x and 
y was computed as a single product moment correlation. 
36 
RESULTS 
Static Analysis of Body 
Measurements 
Estimates of the static allonetry constants based on 
the relationship; shank length = a(bod^  weight)® are given 
in Table 5 by lines. Values of ranged from 0.7892 + 
0.0033 to 0.8455 + 0.0053 for the seven Leghorn lines and from 
0.776 + 0.0029 to 0.7969 + 0.0044 for the three Fayoumi 
lines. The Leghorn lines B, D and F, selected for high body 
weight or for high egg weight had the largest values for a^ . 
The smallest were those of Fayoumi line J selected for high 
egg production and Leghorn line E selected for low egg weight. 
Table 5. Estimates of static allometry constants by lines 
based on the relationship; shank length -
a (body weight) 0" 
Line h 
A .8017 + 0.0022 .1829 + 0.0047 
B .8455 + 0.0053 .1507 + .0081 
C .7968 + 0.0053 .1340 + 0.0074 
D .8110 + 0.0038 .2006 + 0.0070 
E 
.7892 + 0.0034 .1754 + 0.0082 
F 
.8142 + 0.0044 .1731 + 0 .0075 
G .7965 + 0.0033 .1625 + 0.0073 
J .7776 + 0.0029 .2043 + 0.0070 
K .7925 + 0.0070 .2261 + 0.0125 
L .7969 + 0.0044 .1622 + 0.0099 
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Estimates for ranged from 0.1340 + 0.0074 to 0.2006 + 
0.0070 in the Leghorn lines and from 0.1622 + 0.0099 to 0.2261 
+ 0.0125 in the Fayoumi lines. The largest was for the 
Fayoumi line K selected for high body weight and the smallest 
for Leghorn line C selected for low body weight. Lines with 
higher estimates of 0^  were selected for either high body 
weight or egg weight while lines with lower estimates were 
selected for low egg weight or body weight. 
Using the line estimates of 5^  ^and 6^  and the individual 
bird measurements of 20-week shank length and body weight, 
individual estimates of the initial growth constant (â^ ) and 
the coefficients of static allometry (g^ ) were calculated for 
over 24,000 pedigreed individuals. The heritability estimates 
for these are given in Table 6, 
The heritability estimates for based on the sire 
component, ranged from 0.18 + 0.09 to 0.45 + 0.10. The lower 
heritability estimates were from lines selected for low body 
weight or egg weight while the higher estimates were from 
lines selected for high body weight or egg weight. 
Heritability estimates for based on the dam component, 
followed a pattern similar to the sire estimates ranging from 
0.18 + 0.07 to 0.62 + 0.13. The estimate of heritability for 
pooled across lines was 0.31 + 0.02 and 0.36 + 0.02 based 
on the sire and dam component, respectively. 
The heritability estimate for the coefficient of static 
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Table 6. Heritability estimates of static allometry 
constants^  from a half-sib (sire component) and 
full-sib (dam component) analysis of variance 
Sire Dam Sire Dam 
A .29 + 0.05 .46 + 0.05 .27 + 0.05 .48 + 0.005 
B .26 + 0.008 .31 + 0.09 .25 + 0.08 .20 + 0.10 
C .26 + 0.008 .37 + 0.08 .25 + 0.07 .24 + 0.08 
D .41 + 0.09 .31 + 0.08 .40 + 0.09 .35 + 0.08 
E .26 + 0.07 .20 + 0.07 .21 + 0.06 .04 + 0.07 
F .37 + 0.09 .36 + 0.08 .32 + 0.08 .37 + 0.08 
G .12 + 0.05 .27 + 0.08 .05 + 0.04 .28 + 0.08 
J .38 + 0.08 .39 + 0.06 .34 + 0.07 .26 + 0.06 
K .18 + 0.09 .62 + 0.13 .15 + 0.08 .55 + 0.07 
L .45 + 0.10 .18 + 0.007 .41 + 0.09 .12 + 0.07 
Pooled .31 + 0.02 .36 + 0.02 .27 + 0.02 .26 + 0.02 
S^hank length = a (body weight)^ . 
allometry 0^  based on the sire component ranged from 0.05 + 
0.04 to 0.41 + 0.09. The lower estimates again occurred in 
lines selected for high egg weight or body weight. Heri­
tability estimates for based on the dam conponent ranged 
from 0.04 + 0.07 to 0.55 + 0.07. Although Fayoumi line K 
selected for low egg weight had the highest estimate, the 
remaining estimates seemed to follow no observable pattern. 
The estimates of heritability for 0^  pooled across lines were 
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0.27 + 0.02 and 0.26 + 0.02 based on the sire and dam 
component, respectively. 
Since the individual estimates, of and 6^  are really 
only transformations of observations on body weight emd khank 
length, it seemed wise to compare these with the heritability 
estimates of the actual body measurements. Table 7 gives the 
heritability estimates of 20-week body weight and shank length 
based on the sire and dam components of variance. Heritability 
estimates for body weight based on the sire component remged 
from 0.21 + 0.07 in line C selected for low body weight, to 
0.59 + 0.12 in line D, selected for large egg weight. The 
remaining heritabilities seem to show no observable pattern. 
The heritability estimates for body weight, based on the dam 
component, were larger than those based on the sire conç>onent 
ranging from 0.33 + 0.06 in Fayoumi line J selected for high 
egg production to 0.81 +0.06 in Leghorn line A selected for 
high egg production. The estimate of heritability for body 
weight pooled across lines was 0.43 + 0.03 and 0.63 + 0.03 
based on the sire and dam components, respectively. 
Heritability estimates for 20-week shank length, based on 
the sire component, ranged from 0.22 + 0.08 in Leghorn line B, 
selected for high body weight, to 0.56 + 0.11 in Fayoumi 
line L selected for high egg weight. High values for heri­
tability estimates were noted in Leghorn lines selected for 
high egg production (line À) and high egg weight (line D). 
40 
Table 7. Heritability estimates of 20 week body weight and 
shank length based on sire and dam con^ nents 
of variance 
Body Weight Shank Length 
Sire^  Dam^  Sire Dam 
A .53 + 0.08 .81 + 0.06 .48 + 0.07 .58 + 0.05 
B .31 + 0.09 .50 + 0.10 .22 + 0.08 .34 + 0.10 
C .21 + 0.07 .54 + 0.09 .29 + 0.09 .64 + 0.09 
D .59 + 0.12 .63 + 0.08 .54 + 0.11 .49 + 0.08 
E .31 + 0.09 .75 + 0.09 .38 + 0.09 .43 + 0.08 
F .44 + 0.10 .55 + 0.09 .39 + 0.10 .64 + 0.09 
G .55 + 0.12 .49 + 0.08 .35 + 0.09 .51 + 0.08 
J .33 + 0.07 .33 + 0.06 .37 + 0.08 .59 + 0.07 
K .27 + 0.10 .37 + 0.13 .28 + 0.11 .62 + 0.13 
L .31 + 0.10 .62 + 0.09 .56 + 0.11 .28 + 0.07 
Pooled .43 + 0.03 .63 + 0.03 .41 + 0.03 .53 •4* 0.02 
P^aternal half-sib analysis, 
F^ull sib analysis. 
Low values for heritability were found in Leghorn line C, 
selected for low body weight and Fayoumi like K selected for 
high body weight. Heritability estimates for shank length 
based on the dam component ranged from 0.28 + 0.07 in 
Fayoumi line L, selected for high egg weight to 0.64 + 
0.09 in Leghorn line F selected for low body weight and large 
egg weight. The estimate of heritability for 2'0-week shank 
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length pooled across lines was 0.41 + 0.03 and 0.53 + 0.02 
based on the sire and dam con^ nentS/ respectively. 
Comparing Tables 6 and 7 indicates that the transforma­
tions of 20-week body weight and shank length were not as 
highly heritable as the actual measurements themselves. This 
is true for the estimates based on either the sire or dam 
component of variance. The pooled estimates based on the 
sire components were essentially the same for body weight and 
shank length measured directly (0.43 and 0.41) and those 
for âg and Bg were lower but not far different from each 
other. 
Table 8 gives the phenotypic and genetic correlations be­
tween body weight and shank length and between and . The 
phenotypic correlations between fi and g were high ranging 
from 0.88 to 0.99 with a pooled estimate of 0.95. The genetic 
correlation between â and § was also high ranging from 0.95 
to 1.0. The results demonstrate that parameters estimated as 
simple log transformation functions of body weight and shank 
length are essentially equivalent genetic entities of the 
original observations. The lower heritability of the log 
transformed values were undoubtedly accounted for by the 
transformed scale. 
The phenotypic and genetic correlations between 20-week 
shank length and body weight were much lower than the trans­
formed values and remged from 0.35 to 0.52, with a pooled 
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Table 8. Phenotypic and genetic correlations between 20 week 
body meêisurements (body weight and shank length) and 
between derived static allometry constants (a and $ ) 
Phenotypic Genetic^  
Body Allometry Body Allometry 
measurements constants measurements constants 
A .45 .98 .77 .99 
B .37 .98 .19 .98 
C .35 .93 .49 .97 
D .52 .98 .69 .99 
E .45 .88 .74 .95 
F .43 .98 .47 .99 
G .43 .98 .93 .95 
J .45 .96 .44 1.00 
K .46 .99 .70 1.00 
L .37 .99 .73 1.00 
Pooled .43 .95 .64 .96 
Estimates based on paternal half sib analysis. 
estimate of 0.43. The genetic correlations ranged from 0.19 
to 0.93, with a pooled estimate of 0.64. 
Analysis of Body Measurements During 
Growth from 9 to 21 Weeks 
An analysis of variance by ages for live body measure­
ments is given in Table 9. The mean squares for lines were 
significant (P<.01) at 9 weeks of age. for all body measure-
Table 9. Analysis of variance, by ages for log transformed values of body 
measurements 
Age (weeks) 
Measurement Source d.f. 9 13 17 21 
mean squares (xlO^ ) 
Body weight Lines 2 814 9 .0** 658 .7 909.0 1180.0 
Sires/L 31 642 .9 614 .0** 769.7** 790.7** 
Dams/SL 164 445 .8* 225 .8** 208.1** 269.6** 
Error 187 32 3 .7 155 .5 139.9 155.1 
Shank length Lines 2 8889 .1** 2663 .0 567.7 443.2 
Sires/L 31 1309 .3 1395 .9** 1847.2** 1999.9** 
Dams/SL 165 1031 .0* 453 .8 690.5** 309.8* 
Error 187 698 .3 350 .1 246.3 199.9 
Breast probe Lines 2 6512 .6** 1263 .7 3564.0 1225.0 
Sires/L 31 579 .7 575 .8 1698.0 416.0 
Dams/SL 165 499 .1 382 .4 1239.8 437.1 
Error 187 477 .1 434 .6 1245.8 579.7 
Abdominal Lines 2 1323 .1** 44 .1 16.4 87.7 
skin pinch Sires/L 31 201 .3 146 .7* 59.0 37.6 
Dams/SL 165 210 .4 86 .6 58.8 25.5 
Error 187 180 .0 102 .7 58.9 27.4 
Under-wing Lines 2 4402 .3 4750 .1 2432.9 308.1 
skin pinch Sires/L 31 4025 .2** 1327 .4** 2348.0** 1194.9 
Dams/SL 165 2315 .3 1049 .4 1120.2 1421.7 
Error 187 2497 .9 1174 .5 1158.4 1139.3 
*P<.05. 
* * 
P<.01. 
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ments except breast probe. The mean squares for sires were 
significant (P<.01) for body weight, shank length and under-
wing skin pinch in three of the four ages measured. The me «m 
squares for dams were significant (P<.01) at 13, 17 and 21 
weeks of age for body weight and at 17 weeks of age for 
shank length. 
A summary of means, the standard deviations and coeffi­
cients of variation is presented in Table 10. Between the 
ages of 9 to 21 weeks, average body weight increased from 
624.6 g. to 1329 g. but the coefficient of variation de­
clined slightly from 13.6 to 12.1 percent. The shank length 
increased from 6.48 cm. to 7.63 cm. but the coefficient of 
variation decreased from 6.7 to 4.6 percent. The breast 
probe mean increased only slightly from 1.32 mm. to 1.43 mm. 
The coefficient of variation was approximately 16.0 percent at 
each age extreme. However, at 17 weeks it was 25.1 percent 
where the standard deviation was about 1.4 times larger than 
at earlier ages. The abdominal skin pinch (SP-A), mean 
increased from 3.28 mm. to 7.17 mm. with a decline in the 
coefficient of variation from 28.4 to 11.0 percent. The 
under-wing skin pinch (SP-U), mean increased from 0.44 mm. 
to 0.53 mm. during the 12-week period and the coefficients of 
variation decreased from 37.5 to 25.2 percent. 
An analysis of variance of the live body measurements 
is given in Table 11. The mean squares for sires were 
Table 10. Mean, standard deviation and coefficient of var­
iation of body measurements of growing Leghorn 
pullets 
Body 
Measurement 
Age (weeks) 
Line Mean G C.V. 
(%) 
Mean a -CIV: 
(%) 
1 617.4 82.8 13.4 883.8 90.1 10.2 
2 661.7 78.9 11.9 894.3 102.8 11.5 
3 594.8 92.7 15.6 854.5 105.8 12.4 
Mean 624.6 84.8 13.6 877.5 99.6 11.4 
1 6.38 0.41 6.5 7.20 0.34 4.7 
2 6.62 0.42 6.4 7.36 0.43 5.8 
3 6.43 0.46 7.2 7.25 0.38 5.2 
Mean 6.48 0.43 6.7 7.27 0.38 5.2 
1 1.39 0.25 18.4 1.42 0.18 12.5 
2 1.32 0.21 15.5 1.42 0.19 13.2 
3 1.25 0.19 15.4 1.37 0.33 24.0 
Mean 1.32 0.22 16.4 1.40 0.23 16.6 
1 3.12 0.92 29.5 5.28 1.00 19.0 
2 3.53 0.92 16.1 5.20 1.13 21.8 
3 3.18 0.94 29.5 5.13 1.15 22.5 
Mean 3.28 0.93 28.4 5.20 1.09 21.1 
1 0.44 0.17 38.1 0.32 0.08 24.3 
2 0.46 0.18 39.6 0.34 0.08 23.6 
3 0.42 0.15 34.7 0.31 0.07 23.4 
Mean 0.44 0.17 37.5 0.32 0.08 23.8 
Body weight 
(BW) in g. 
Shank length 
(SL) in cm. 
Breast probe 
(BP) in mm. 
Abdominal 
skin pinch 
(SP-A) in 
Under-wing 
skin pinch 
(SP-U) in mm. 
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Age (weeks) 
17 21 
Mean a C.V. Mean a C.V. 
(%) (%) 
1132.5 
1129.6 
1088.2 
1116.8 
7.65 
7.71 
7.61 
7.67 
1.32 
1.27 
1.23 
1.27 
6.01 
5.97 
5.98 
5.97 
0.35 
0.37 
0.37 
0.36 
116.7 
140.7 
115.4 
124.3 
0.34 
0.53 
0.30 
0.39 
0.33 
0.32 
0.30 
0.32 
0.96 
1.02 
0.98 
0.99 
0.09 
0.08 
0.09 
0.09 
10.3 
12.5 
10.6 
11.1 
4.5 
6.9 
4.0 
5.1 
25.1 
25.9 
24.3 
25.1 
15.9 
17.0 
16.4 
16.4 
2 6 . 6  
21.9 
25.2 
24.6 
1368.6 
1331.8 
1288.2 
1329.5 
7.60 
7.67 
7.62 
7.63 
1.46 
1.41 
1.41 
1.43 
7.32 
6.99 
7.21 
7.17 
0.53 
0.54 
0.53 
0.53 
149.5 
184.8 
148.4 
160.9 
0.32 
0.44 
0.31 
0.36 
0.23 
0 . 2 2  
0.23 
0.23 
0.76 
0.89 
0.72 
0 .79 
0.14 
0.13 
0.14 
0.14 
10.9 
13.9 
11.5 
12.1 
4.1 
5.7 
4.0 
4.6 
15.6 
15.9 
16.4 
16.0 
10.3 
12.8 
9.9 
11.0 
26.4 
23.3 
2 6 . 0  
25.2 
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significant (P<.01) for bo^  weight, shank length and abdominal 
skin pinch. The mean squares for dams were significant (P<.01) 
only for body weight and shank length. Those for dams were 
significant (P<.01) for all body measurements. About 98 per­
cent of the variation in body weight was linearly associated 
with age. The least squares regression estimate is 0.1086 + 
0.0008. Correspondingly, 79.9, 4.6, 92.0 and 22.6 percent 
of the variation for sh«mk length, breast probe, abdominal 
skin pinch and under-wing skin pinch, respectively, was 
linearly associated with age. A large part of breast probe 
and under-wing skin pinch variation due to age was cubic 
(82.1 percent) and quadratic (76.7 percent), respectively. 
The linear regression coefficients for shank length and 
abdominal skin pinch were 0.0237 + 0.0004 amd 0.1122 + 
0.0021, respectively. Age by line interactions were signifi­
cant (P<.01) for both body weight and abdominal skin pinch. 
Estimates of phenotypic and genetic correlations amd 
heritabilities of the live body measurements are given in 
Table 12. Phenotypic correlations between body weight and 
shamk length emd under-wing skin pinch were 0.67 and 0.11, 
respectively. The correlation between shank length and 
abdominal skin pinch «mis -0.19 (P<.01). The genetic correla­
tions of 0.91 and -0.74 between body weight and shank length 
sind under-wing skin pinch were significant (P<.01). Also, 
significant (P<.01) heritability estimates of 0.50 and 0.64 
Table 11. Analysis of variance on growing Leghorn pullets (9-21 weeks) 
Body Measurement (log^ ^^ ) 
source df Body weight Shank Length Breast Probe 
SP-A SP-U 
5 
Mean Squares (xlO ) 
Line 2 5.6213 0 .7515 8 .4811** 0. 3422 6. 4952 
Sire/T, 31 2.6036** 0 .5697** 0 .7431 1. 3959 3. 0319** 
Dam/SL 165 0.8964** 0 .1313** 0 .6954 1. 0698 1. 5318 
Age 3 776.7525** 43 .5679** 26 .4827** 878. 6664** 336. 3603** 
Linear 1 2274.8232** 104 .3892** 3 .6562** 2426. 4304** 227. 6807** 
Quad. 1 54.8610** 26 .3892** 10 .5866** 158. 6896** 773. 7025** 
Cubic 1 0.5732 0 .0520 65 .2053** 50. 8791** 7. 6076** 
Age X Line 6 1.2514** 1 .1032* 0 .6041 4. 5038** 1. 2022 
Residual 1336 0.1338 0 .0349 0 .6698 0. 8659 1. 4801 
ft 
P<.05. 
Table 12. Estimates of phenotyplc and genetic correlations and herltabllltles 
of body measurements® 
Body weight Shank Length Breast Probe "^ r^ ïiSh 
SP-A SP-U 
BW^  
SL 
BP 
SP-A 
SP-U 
0.91** -0.74** 0.50** 0.90 
0.64** 0.72** 0.67** 1.91 0.51 
0 . 0 6  0.01 3.92 0.76 0.08 
-0.19** 0.27 0.02 0.03 -1.25 
0.09 0.11 0 .06  0.08 
P^aternal half-slb analysis, no. of sires = 32, no. of dams = 224, N = 386. 
H^erltabllltles on diagonal, genetic and phenotyplc correlations above and 
bolow diagonal, respectively. 
« 
P<.05. 
P<.01. 
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were observed for body weight and shank length. 
Longitudinal Analysis of Body 
Measurements 
A longitudinal regression analysis of body measurements 
with body weight as the independent variable is given in 
Table 13. Individual variation in the relative growth rate 
(Ij^ ) and in the individual predicted measurements (y^  ^) is 
partitioned by fitting a separate regression line to each 
combination of two variables. The results demonstrate signifi­
cant (P<.01), individual variation in relative growth rates of 
shank length and abdominal and under-wing skin pinch. Like­
wise, individual variation in the predicted measurements ) 
are significant (P<.01), for the same three measurements but 
these would have no single biological meaning vAien variation 
in relative growth rate is significant (Reeve, 1940). The 
statistically significant mean squares due to nonlinearity 
simply reflects the fact that growth is not wholly linear with 
age (Table 11). Since differences in are a function of 
the slope of the regression lines estimates by the question 
is, how much of the difference in are due to To test 
this hypothesis, a "test of concurrence" derived by Cock (1963) 
was applied. Values for this test with 384 and 770 degrees 
of freedom were all nonsignificant which leads to the con­
clusion that over the age period from 9 to 21 weeks, 
Table 13. Regression analysis of body measurements on growing Leghorn pullets 
Source d. f. 
Shank^ length Breast^ probe 
BP SP-A 
Mean squares (x 10 ) 
Under-wing 
skin pinch 
SP-U 
Between ind. 
Between ind. 
Residual 
Nonlinear 
Error 
385 31.25** 
385 70.47** 
772 31.69 
(2) 6118.29** 
(770) 15.88 
529 .93 
728.50 
831.18 
1078.97** 
1218.40** 
752.47 
38605.79** 32064.63** 
733.07 671.14 
1883.86** 
1627.76** 
2407.77 
448760.71** 
1248.41 
** 
Significant P<0.01. 
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differences in are entirely accounted for by for all 
body measurements. 
Table 14 presents .the mean parameter .estimates from the 
longitudinal analysis of the log transformed body measure­
ments on the 386 Leghorn pullets. The parameter ^  is the 
actual value of a particular body measurement of the kth 
individual averaged over the four age periods from 9 to 21 
weeks. 
The parameter is the predicted value of the kth 
individual's body measurement at a fixed body weight. The 
predicted value is a function of and the deviation of its 
own mean (3^  ) , from the overall population mean (x ) ; 
consequently, it would be strongly correlated with y^  . 
The parameter Ay^ , is the actual growth increment of the 
kth individual's measurement over the period from 9 to 21 
weeks. This parameter is an estimate of the rate of growth 
with respect to time. 
The parameter as previously described, is the growth 
of the part (shank length, breast probe and abdominal and 
under-wing skin pinch) with respect to the whole (body wei^ t) 
for the kth individual. 
Figure 1 shows the relationship of body weight to the body 
measurements of growing Leghorn pullets. Lines are fitted to 
the age means for each measurement. The average slope of the 
allometry line for the regression of abdominal skin-pinch on 
Table 14. Means of parameters estimates of body measurements on growing Leghorn 
pullets (9-21 weeks) 
Growth Parameter^  Body Measurements (log 10) 
Parameter Estimate Shank Breast Abdominal Under-wing 
Length Probe skin pinch skin pinch 
Actual size 
(av. size at 
mean age of 
15 weeks) 
^k. 0 .8599+0 .0008 1 .124 4+0 .0021 1 .7088+0 .0030 0 .5957+0 .0031 
Predicted size 
or conforma­
tion K 
0 .8609+0 .0006 1 .1268+0 .0002 1 .7104+0 .0029 0 .5927+0 .0031 
Actual growth 
rate 
/v 
^^ k 0 .0021+0 .0001 0 .0110+^ 0 .0006 0 .0462+0 .0018 0 .0351+4 .0012 
Relative growth 
rate k 0 .2225+0 .0035 0 .0243+0 .0165 1 .0527+0 .0020 0 .2198+0 .0299 
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2.0 
1.8 
1.6 Abdominal skin pnch y=mm.xio 
o 
o 
1.4 
1.2 
1.0 
08 
0.6 
Breast probe 
y =mm. 
Shank length 
y=cm. 
0.4 
A 
2.8 2.9 
Underwing pinch 
y=mm. xio 
1 
3.0 3.1 3.2 
Body weight (Log^^Cg.)) 
Figure 1. Relationship of body weight to body measurements 
in growing Leghorn pullets (9-21 weeks) 
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body weight is 1.0527 + 0.0020 (Table 14). The average 
slopes of the allometry lines for the regressions of breast 
probe, shank length and lander-wing skin pinch on body weight 
are 0.0024 + 0.0165, 0.2225 + 0.0035 and 0.2198 + 0.0299, 
respectively. It should be noted that these are relative and 
not actual growth rates as previously discussed. Since body 
weight corresponds to a volumetric measure and shemk length 
to a linear measure, the value of 1/3 for the relative growth 
rate represents isometric growth. On the other hand, the 
observed relative growth of shank length to body weight 
between 9 and 21 weeks was less than the theoretical value 
(0.22 versus 0.33). Interpretations of other relative growth 
rates not being as straight forward, will be reserved for a 
later discussion. 
Factors of a physiological or environmental nature may 
exist whereby fast or slow growing individuals could have 
values of or above (or below) average. Table 15 
summarizes the phenotypic correlations between the growth 
parameters derived from the longitudinal analysis. Shank 
length, breast probe and abdominal skin pinch were assumed to 
estimate the relative iiiç)ortance of bone, muscle and fat, 
respectively, as they contribute to the variation in total 
body weight. In general the phenotypic correlations between 
the parameter estimates of actual size of bone, muscle and 
fat were the same sign and magnitude as the correlation between 
Table 15. Phenotypic correlations between growth parameters 
derived from analysis of growing Leghorn pullets 
(9-21 weeks) 
Actual Size 
Growth Parameter 
Parameter Estimates 
Body wt. Bone Muscle Fat 
 ^ I^k y2k y 3k 
Actual 
size 
Pre­
dicted 
size or 
confor­
mation 
Actual 
growth 
rate 
Relative 
growth 
rate 
Bone 
Muscle 
Fat 
Bone 
Muscle 
Fat 
Body 
wt. 
Bone 
Muscle 
Fat 
Bone 
Muscle 
Fat 
I^k .79** 
2^k .15 .06 
3^% .41** .31** .10 
I^k .33** .82** -.04 .08 
2^k .11 .04 .91** .07 
3^k -.39** -.30** —. 02 .57** 
-.11 - .06 -.09 -.10 
I^k 
-.30** -.26** -.19** -.23** 
2^k .11 
.06 -.22** .11 
3^k -.09 -.13 -.03 -.50** 
I^k -.27** - .12 -.21** -.25** 
2^k . -.14 -.10 .15 -.09 
3^k -.07 -.09 -.04 -.37** 
Numerical subscripts define dependent variable; l=shank 
length, 2=breast probe, 3=abdominal skin pinch; body weight is 
independent variable in all parameters. 
*P<.05. 
** 
P<.01. 
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Actual 
growth rate 
Relative 
growth rate 
Predicted size 
or con format!on 
Bone Muscle Fat Body wt. Bone Muscle Fat Bone Muscle 
Ik 2k 3k I^k 2k 3k I^k 6, 6 2k 
-.03 
—,16** —.02 
.01 -.09 
H
 
O
 
1 
-.14 
«
 
00 H
 
1 .04 .41** 
.01 -.19* .03 -.11 -.05 
-.09 -.03 -.40** .15 .16* .04 
00 o
 -.17* 0.0 .11 .62** —. 22 .10 
-.03 .08 .02 .08 • .03 -.14 -.05 .04 
-.07 -.05 -l33** -.18* -.02 .07 .81** .02 
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body measurements already discussed. The phenotypic cor­
relations between the actual and predicted size parameters 
for bone, muscle and fat were 0.82, 0.91 and 0.57, respective­
ly. The correlation between the same parameters for body 
weight with bone and fat were 0.33 and -0.39, respectively. 
Correlations between actual size and actual growth rate were 
-0.26, -0.22 and -0.55 for bone, muscle and fat, respective­
ly. 
Correlations between actual growth rate and predicted 
size parameters were mostly low with the exception of fat 
which was -0.40. Correlations between actual size and the 
relative growth rate parameters were mostly negative and 
typically of the order of -0.14. The bone and fat parameters 
were usually negatively correlated but the muscle and fat 
parameters for each were consistently near zero. The correla­
tion between the relative growth rate parameters for bone, 
muscle and fat were usually near zero. All numerical values 
presented are statistically significant. The partial correla­
tions , although computed for these parameters, did not marked­
ly change the above relationships. 
The heritability estimates of the growth parameters from 
a paternal half-sib analysis are presented in Table 16. The 
heritability estimates for the actual size of body weight and 
shank length were 0.65 +0.27 and 0.98 + 0.33, respectively. 
Heritabilities of the predicted size of shank length and the 
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Table 16. Heritability estimates of growth parameters from 
a paternal half-sib analysis^  
Growth 
Parameters 
Parameter 
Estimates Heritability 
Actual size Body wt. 0 .65 + 0 .27** 
(av. size at 
mean age of Bone I^k 0 .98 + 0 .33** 15 weeks) 
Muscle 2^k 0 .02 + .0 .10 
Fat 3^k 0 .10 + 0 .10 
Predicted 
size or 
Bone 
I^k 0 .82 + 0 .29** 
conformation Muscle y2k 0 .12 + 0 .12 
Fat S^k 0 .13 + 0 .13 
Actual Body wt. % 0 .53 + 0 .21** growth 
rate Bone i^k 0 .25 + 0 .15* 
Muscle 0 .15 + 0 .12 
Fat 3^k 0 .03 + 0 .11 
Relative Bone I^k 0 .18 + 0 .14 
growth 
ra Muscle 2^k 0 .04 + 0 .08 
Fat 3^k 0 .09 + 0 .11 
dumber of sires = 32, number of dams = 224, N=386. 
N^umerical subscripts define the dependent variables : 1= 
shank length, 2=breast probe, 3=abdominal skin pinch; x= 
the body weight. 
*P<.05. 
** P<.01. 
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actual growth rate of body weight and shank length were 0.82 
+ 0.29, 0.53 + 0.21 and 0.25 + 0.15, respectively. All 
heritability estimates were statistically significant. The 
heritabilities of the muscle and fat parameters, none of which 
were statistically significant, were typically low, but those 
for body weight and bone parameters were typically high. 
Analysis of Carcass 
Me as urements 
An analysis of variance, the means and coefficients of 
variation for 22 and 33-week measurements are given in Tables 
17 and 18. After completing the live body measurements at 
21 weeks, half of the pullets were sacrificed at 22 weeks. 
The remaining half of the pullets were sacrificed after their 
reproductive performance had been monitored to 33 weeks. The 
mean squares for lines were statistically significant for 
internal fat scores at both 22 and 33 weeks of age. Internal 
fat scores decreased from 4.10 at 22 weeks to 3.71 at 33 
weeks of age, while the coefficient of variation increased 
from 17.9 to 27.5 percent, respectively. The mean squares for 
sires were statistically significant at 22 weeks for repro­
ductive organ weights and for both carcass weight measure­
ments (CW-1 and CW-2). Averages for CW-1 and CW-2 increased 
from 1164.4 g. and 832.6 g. at 22 weeks to 1447.5 g. and 973.3 
g. at 33 weeks, while the coefficient of variation changed 
Table 17. Analysis of variance, means and coefficients of variation for carcass 
measurements at 22 weeks 
Carcass Measurements 
Carcass wt. Reproductive Carcass wt. Internal 
(w/o blood, feathers) organ wt. (eviscerated) fat 
(CW-1) (RO) (CW-2) (IF) 
Mean Squares (x 10^ ) 
Source d.f. 
Lines 
Sires/L 
Error 
2 
32 
125 
97.80 
43.93* 
27.71 
1105.30 
2141.29** 
1173.48 
133.91 
67.43** 
22.30 
325.31* 
74.33 
74.02 
Total 159 
Mean 
Error standard 
deviation 
Coefficient of 
variation 
1165.4 
155.3 
13.4 
39.5 
31.8 
80.6 
4.10 
0.73 
17.9 
P<.05. 
P<.01. 
Table 18. Analysis of variance, means and coefficient of variation carcass 
measurements at 33 weeks 
Source d.f. 
Carcass wt. 
(w/o blood, feathers) organ wt. 
(CW-1) (RO) 
Carcass Measurements 
Reproductive Carcass wt. 
(eviscerated) 
(CW-2) 
Mean Squares (x 10 ) 
Internal 
fat 
(IF) 
Lines 
Sires/L 
Error 
Total 
2 
31 
149 
182 
77.10 
6 2 . 6 6 * *  
18.87 
100.49 
201.02 
220 .03 
33.73 
73.93** 
21.19 
1943.59** 
193.19 
181.44 
Mean 
Error standard 
deviation 
Coefficient of 
variation 
1447.5 
185.5 
12.8 
100.1 
%5.0 
25.0 
973.3 
129.2 
13.3 
3.71 
1.02 
2.75 
P<.05. 
** 
P<.01. 
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little. The reproductive organ weights increased from 39.5 
g. at 22 weeks to 100.1 g. at 33 weeks, but the coefficient 
of variation decreased from 80.6 to 25.0 percent, respective­
ly. 
The phenotypic correlations between carcass measurements 
at 22 and 33 weeks of age are given in Table 19. The correla­
tion between CW-1 and CW-2 were 0.87 and 0.93 at 22 and 33 
weeks of age, respectively. The phenotypic correlation be­
tween CW-1 and RO was 0.32 and 0.35 at 22 and 33 weeks of age, 
respectively. The correlations involving CW-1 and IF as well 
as CW-2 and IF were nearly of the same magnitude. All correla­
tions between RO with CW-2 and with IF increased slightly 
from 22 to 33 weeks of age. The correlation between RO and 
IF at 33 weeks, r = 0.20, was statistically significant. 
Relationship Between Live Carcass Measurements 
and Reproductive Performance 
The phenotypic correlations between live and carcass 
measurements are given in Table 20. Body weight at 21 weeks 
was highly correlated with both 22-week carcass weights, 
(0.90 and 0.85), as was 21-week shank length (0.61 and 0.72). 
The phenotypic correlations between 22-week IF with BW and 
21-week SP-A were 0.36 and 0.16, respectively. The correla­
tions between 21-week SP-A and the two 22-week carcass weights 
were 0.30 and 0.37, respectively. All correlations are 
Table 19. Phenotypic correlations between carcass measurements at 22 and 33 
weeks^  
Reproductive Carcass wt. Internal 
organ wt. (eviscerated) fat Age (weeks) 
(RO) (CW-2) (IF) 
Carcass wt. CW-1 0.32** 0.87** 0.37** 22 
(w/o blood, 0.35** 0.93** 0.42** 33 
feathers) 
Reproductive RO -0.02 0.09 22 
organ wt. 0.17* 0.20* 33 
Carcass wt. CW-2 0.34** 22 
(eviscerated) 0.42** 33 
A^t 22 weeks of age, N=160, at 33 weeks of age, N=183. 
* 
P<.05 . 
** 
P<.01. 
Table 20. Phenotypic correlations between live and carcass measurements^  
Carcass Measurements (22 weeks) 
Carcass wt. 
(w/o blood, 
feathers) 
(CW-1) 
Reproductive 
organ wt. 
(RO) 
Carcass wt. 
(eviscerated) 
(CW-2) 
Internal 
fat 
(IF) 
Live 
Measurements 
(21 weeks) 
Body 
weight 
Shank 
length 
BW 
SL 
0.90** 
0.61** 
0.30** 
-0.14 
0.85** 
0.72** 
0.36** 
0.14 
Breast 
probe 
BP 0.03 0.05 -0.01 0.01 
Abdominal 
skin pinch 
SP--A 0.30** -0.07 0.37** 0.16* 
Under-wing 
skin pinch 
SP-
-U 0.15 0.14 0.09 0.25** 
^ = 160. 
* 
P<.05. 
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statistically significant. Breast probe measurements showed 
little or no relationship to carcass measurements. 
A special examination was made of the variation in 21-
week body weight which could be accounted for by the indi­
cator traits : SL (bone), BP (muscle), SP-A (fat) and IF 
(internal fat). At the same time, the total variation 
in body weight at 21 weeks and 32 weeks was related to the 
carcass component traits CAR, RO, VIS, and RES measured at 
22 and 33 weeks, respectively. The components are shown as 
percentage of total body weight (Table 21). At 21 weeks, 
the reproductive organs accounted for 3.0 percent of the total 
body weight but at 32 weeks they accounted for 5.9 percent. 
Figures 2 and 3 show a path analysis of 21 and 32 week 
body weights. The indicator traits of shank length, breast 
probe, abdominal skin pinch and internal fat, taken at 21 
weeks, accounted for 49.0 percent of the variance in body 
weight at this age. The relative importance of each measure­
ment in accounting for the variance in body weight is indi­
cated by its squared path coefficient or squared standard 
partial regression coefficient; the rank order is; shank 
length (highest), internal fat score, abdominal skin pinch 
and breast probe (lowest). 
Shank length, alone, accounted for 28.0 percent of the 
variation in body weight. The joint measurements of fat, IF 
and SP-A, accounted for 11.0 percent of the variation in body 
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Table 21. Components of body weight at 22 and 33 weeks 
Component 
Age (weeks) 
Grains Percent 
33 
Grams Percent 
Carcass 854.7 63.5 978.9 59.4 
Viscera 289.9 21.5 381.9 23.2 
Reproductive 
organs 40.0 
Residual 
(blood, feathers 
etc.) 160.8 
3.0 
12.0 
Total 1345.2 100.0 
96.8 5.9 
189.6 11.5 
164.7 100.0 
weight. The joint live body estimates of bone and fat, SL 
and SP-A, accounted for 36.0 percent of the variation in body 
weight but SP-A alone accounted for only 3.0 percent of the 
variation. The combined measurements of SL, SP-A and IF 
accounted for 47.0 percent of the total variation in body 
weight at 21 weeks of age. The breast probe measurement was 
of no aid in describing variation in body weight. 
The carcass components of body weight taken at 22 weeks 
were: carcass, viscera and reproductive organs, plus a re­
mainder or residual component consisting of feathers, blood, 
eggs and head. The relative importance of these in ac­
counting for the variation in 21-week body weight was; carcass 
(highest), viscera and reproductive organs (lowest). Combined, 
INDICATOR 
TRAIT 
COMPONENT 
TRAIT 
\ 
LEGEND 
Components 
CAR=Carcass wt. 
RO = Reproductive organ wt. 
RES = Residual ( blood, feattiers,etc.) 
Indicator traits - see methods section 
c\ 
CO 
Figure 2. Relationships between body weight, live and carcass measurements, 
at 21 weeks 
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Body 
weight 
(32 wW 
LEGEND 
RES CAR = Carcass wt. 
VIS = Viscera wt. 
R 0 = Reproductive organ wt. 
RES = Residual (blood, feathers,etc.) 
Figure 3. Relationships between body weight and carcass 
measurements at 32 weeks 
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these components accounted for 85.0 percent of the variation 
in 21-week body weight. Reproductive organ weight and viscera 
weight accounted for 2,0 and 8.0 percent of the variation, 
respectively. At 32 weeks, the three components accounted 
for 89.0 percent of the variation in body weight. The rela­
tive importance of reproductive organs and the viscera changed 
at this age, with the reproductive organs accounting for 10.0 
percent of the variation and the viscera weight accounting 
for only 3.0 percent. The correlation between the weights of 
the carcass and the reproductive organs between the ages of 21 
and 32 weeks increased from -0.04 to 0.27, respectively. 
The increase in the correlation can be accounted for by the 
enlargement of reproductive organs during this period. At 
both 21 and 32 weeks of age, the viscera weight was more highly 
correlated than reproductive organ weight to body wei^ t. The 
simple correlation between body weight and the residual (blood, 
feathers, egg and head) remained relatively constant at both 
21 and 32 weeks of age (0.30 and 0.36). 
The analysis of variance, means emd coefficients of 
variation for the reproductive traits are presented in Table 
22. Reproductive measurements were completed at 32 weeks of 
age, one week before the hens were sacrificed to obtain 33-
week carcass measurements. The mean squares for lines and 
sires were statistically significant for 32-week egg weight. 
The average percent egg production for the entire popula-
Table 22. Analysis of variance, means and coefficients of variation for 
reprod ' "-ive traits 
Source d.f, 
Reproductive Traits 
Sexual maturity Egg weight Egg production 
SM EW 3 
Mean squares (10 x log^ ^^ ) 
EP 
Line 2 
Sires/L 31 
Error 133 
2.9489 
1.1694 
1.9636 
27.4096** 
1.7909** 
0.7760 
34.0103 
15.3960 
16.9413 
Total 166 
Mean 
Error standard 
deviation 
Coefficient of 
variation 
178.6 
12.3 
6.9 
52.5 
3.3 
6.4 
0.75 
0.20 
27.1 
* * 
P<.01. 
72 
tion was 75.0 percent with a coefficient of variation of 27.1 
percent. Sexual maturity, measured as the day of first egg, 
averaged 178.6 days with a coefficient of variation of 6.9 
percent. 
Statistically significant phenotypic correlations be­
tween live body and carcass measurements with reproductive 
traits are given in Table 23. The correlations of BW, SL, 
CW-1 and CW-2 with egg weight were 0.34, 0.56, 0.52 and 0.47, 
respectively. A similar pattern of significant correlations 
for these traits with egg mass have values of 0.23, 0.16, 
0.22 and 0.18. The correlation between 32-week egg weight and 
33-week RO was 0.26. The correlations between 21-week BW 
and SP-A with egg production were 0.14 and 0.15 and approach 
statistical significance. Most of the remaining live and 
carcass measurements seem to be little related to egg produc­
tion or egg mass, if at all. The correlation between live and 
carcass measurements with sexual maturity were mostly zero. 
The only exception to this is the statistically significant 
correlation of -0.16 between sexual maturity and 21-week body 
weight. 
Table 24 gives the phenotypic correlations between the 
reproductive traits and the growth parameters. The correla­
tion between 32-week egg weight and actual size, averaged 
over the 9 to 21 week period were nearly the same magnitude 
as those previously discussed for the 21-week age group 
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Table 23. Phenotypic correlations between live and carcass 
measurements with reproductive traits^  
Reproductive Traits (32 weeks) 
Live (21 wks.) 
Body weight 
Shank length 
Breast probe 
Abdominal 
skin-pinch 
Under-wing 
skin pinch 
Carcass (33 wks.) 
blood, feathers) 
Rep ro due ti ve 
organ wt. 
Carcass wt. 
(eviscerated) 
Internal fat 
Sexual Egg Egg Egg 
maturity production weight mass 
SM EP EW EM 
BW 
-0.16* 0.14 0.34** 0.23** 
SL 0.0 0.01 0.56** 0.16* 
BP 0.06 -0.09 -0.03 -0.09 
SP-A 
—0 .02 0.15 0.07 0.17* 
SP-U 0.03 0.12 0.0 0.12 
CW-1 0.02 0.08 0.52** 0.22** 
RO 0.06 0.02 0.26** 0.09 
CW-2 0.03 0.06 0.47** 0.18* 
IF -0.01 0.07 0.09 0.09 
*N=163. 
*P<.05. 
** 
P<.01. 
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Table 24. Phenotypic correlations between reproductive traits 
and growth parameters 
Gr.owth 
Parameters 
Parameter 
Estimate 
Reproductive Traits 
Sexual 
Maturity 
Egg 
Weight 
Egg 
Production 
Actual size 
(av. size at 
mean age of 
15 weeks) 
Predicted size 
or conforma­
tion 
Actual growth 
rate 
Relative growth 
rate 
-0.13 0.42** 0.14 
-0.08 0.50** 0.10 
2^k —0 .06 0.08 -0.04 
3^k -0.07 0.0 0.17* 
I^k 0.01 0.38** 0.03 
"2k —0.08 0.11 -0.04 
3^k 0.05 -0.26** 0.06 
Ac 0.06 -0.03 -0.09 
0.17* 0.10 -0.20* 
0.02 —0 .06 0.07 
«3k 0.02 0.05 -0.07 
0.15 0.13 -0.19* 
2^k 0.02 —0.03 -0.24** 
3^k 0.01 0.01 -0,04 
Numerical subscripts define the dependent variables : 
1-shank length, 2-breast probe, 3-abdominal skin pinch; x= 
body weight. 
N^=16 7. 
*P<.05. 
** 
P<.01. 
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(Table 23). The correlations between predicted size and 
reproductive traits were typically low for egg production and 
sexual maturity and intermediate for egg weight. The correla­
tions of egg weight with predicted size of shank length (bone) 
and the predicted size of SP-A (fat) were 0.38 and -0.26, 
respectively. The correlation between actual growth rate of 
live measurements from 9 to 21 weeks of age and reproductive 
traits were mostly small and not significant. Excéptions were 
the correlation between sexual maturity and actual growth rate 
of bone (0.17) and the correlation between egg production and 
the actual growth rate of bone (-0.20). Relative growth rates 
of muscle or fat were usually uncorrelated with sexual maturity 
or egg weight. However, the relative growth of bone and muscle 
was negatively correlated with egg production (-0.19 and 
-0.24). These correlations were all statistically significant. 
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DISCUSSION 
Static Analysis 
The data from the static population yielded information 
only on the finite result of growth and not on the dynamic 
process of growth. 
The heritabilities and correlations (both phenotypic and 
genetic) , of the original measurements on body weight and 
shank length agree with those given by Kinney (1969). Ponte-
corvo (1938) suggested that a, the initial growth index, is 
the primary heriditary factor governing conformation which 
would imply that 6 is not as highly heritable as a. The 
pooled estimates of the heritability of both and 8g from 
this study were similar (0.27 vs. 0.31) suggesting, at least, 
that the heritability of is probably no higher than 
Significantly, the estimates of heritability for the two 
parameters were lower than the heritabilities of the actual 
measurements themselves. Since 6^  and are transformations 
of the original measurements, the differences in heritability 
probably are a consequence of a change in scale. 
The justifications for proceeding with the above analysis, 
however, is predicated on the assumption that 8^  and 0^  are 
two distinct genetic as well as phenotypic entities. It may 
be noted that 6^  represents essentially the log difference 
while g g represents the log ratio of body weight and shank 
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length. Because of this "common element effect", the high 
correlations between and are mainly due to the strongly 
correlated errors of their estimates. In a similar study, 
Kidwell et (1952) , concluded that most of the variation 
associated with a was simply the inverse of the variation 
associated with g. 
The problem of correlated errors does not exist in the 
estimation of the allometric parameters derived from the 
longitudinal analysis. The estimatoris the value of y 
at the overall population mean, (x ), while for the static 
analysis, is the value of y when x=1.0. The relative 
growth rates derived from the static and longitudinal analyses 
represented by and 6^ , respectively, differ in that 0^  
is based on one pair of observations of x and y while 
is based on four pairs of observations. The phenotypic 
correlations between and were -0.14, -0.19 and -0.40 
for the estimates of bone, muscle and fat, respectively. 
Genetic correlations were not computed in the longitudinal 
analysis because of the limited amount of family data. The 
important point is that the errors of the growth parameter 
estimates are not correlated in the longitudinal analysis so 
that valid statistical inferences concerning the parameter 
differences are possible. 
Based on the results of the static analysis of the seven 
Leghorn and three Fayoumi lines, it appears that the parameters 
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or 3g are useful in describing only phenotypic differences 
in body weight-shank length relationships between populations. 
The differences between line estimates for either of these 
parameters, although not shown in this analysis, were usually 
statistically significant. 
Longitudinal Analysis of 
Growth Data 
Validity of model 
Growth parameters were estimated in order to monitor 
changes in bone, muscle and fat relative to changes in body 
size. The estimates, and y^  , and their derivations assume 
a linear relationship between the log transformed measure­
ments of X and y. The linear regression of shank length on 
body weight accounted for 71 percent of the variation in shank 
length, and the linear regression of abdominal skin pinch on 
body weight accounted for 64 percent of the variation in 
abdominal skin pinch. On the other hand, the linear regression 
of breast probe on body weight accounted for less than one 
percent of the variation in breast probe. Further analyses 
showed that the relationship between breast probe and body 
weight was highly quadratic with the measurements taken at 17 
weeks of age seemingly out of line (Figure 1). At this age, 
the breast probe measurements were 16.0 to 24.0 percent lower 
than at other ages while the coefficients of variation were 9.0 
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percent higher. The cause of these lower measurements could 
either be errors in measurement or possibly abnormally high 
ambient temperatures influencing the breast muscles as a 
result of body dehydration. 
Since all measurements at all ages were taken by the same 
person (J. F. T.), errors in measurements should not seem to 
bias the results at 17 weeks. 
In order to determine whether lack of food and water 
coupled with abnormally high temperatures could affect breast 
muscle thickness, a special experiment was conducted.^  The 
breast muscle thickness of 15 Leghorn cockerels at 7 weeks 
of age was first measured using the previously described 
breast probe procedure. Food and water were withheld for 
seven hours and the breast probe was then repeated. During 
the fasting period, heat lamps were used to maintain a tempera­
ture at 87®P. The results showed that the breast probes, 
averaging 1.28 + 0.03 initially, fell to 1.12 + 0.02 after 
seven hours. The difference between the two sets was 
statistically significant (P<.01). Clearly, breast muscle 
thickness, as measured in this study, was highly sensitive to 
high environment temperature and lack of water intake. The 
conclusion is that the breast probe measurements taken at 17 
weeks were seriously underestimated. For any future studies 
using the breast probe on hot summer days, special pre-
T^his was conducted after the principal experiment was 
completed and is not reported in the Results. 
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cautions would need to be taken to prevent body dehydration. 
Body size and its components 
The longitudinal regression analysis indicated that 
individual variation in the relative growth rate of shank 
length (bone) and abdominal skin pinch (fat) from 9 to 21 
weeks of age was statistically significant. These results 
agree with those of Cock (1963) who noted statistically 
significant individual variation in the relative growth of 
shank length from 2 to 10 weeks of age in breed crosses 
(White Leghorn x Rhode Island Red). 
The significant individual variation in for the study 
is further substantiated by examining the correlations between 
the growth parameter estimates. The correlations between the 
average size parameter and relative growth rate parameter 
for bone and fat of -0.12 and -0.37, respectively, indicate 
that the relative growth of bone and fat is more rapid in 
small than in large pullets. The correlations between the 
average size and actual growth rate of body weight, bone and 
fat of -0.11, -0.26, and -0.50, respectively, indicate that 
small pullets grow more rapidly than large pullets. This is 
probably because smaller birds may undergo a compensatory 
growth period following an earlier set back in growth. 
Compensatory growth periods have been reported by 
numerous workers. Lerner and Asmundson (1938) demonstrated 
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that decreased early growth rate exhibited by White Leghorn 
pullets led to compensatory growth in later stages prior to 
maturity. Waters (1937) demonstrated that rate of growth 
was negatively correlated with sexual maturity in Leghorns and 
White Rocks. Deaton et (1973) demonstrated that both 
male and female broiler chicks compensate from an early growth 
depression by market age. Birds demonstrating compensatory 
weight gain ability had higher carcass fat deposition than 
the controls. 
In this study f body weight and shank length measurements 
were closely correlated, both phenotypically and genetically, 
from 9 to 21 weeks of age. Although skeletal size, as esti­
mated by shank length, tended to be more highly heritable 
than body size, the growth rate of bone was not as highly 
heritable as the growth rate of body size. This seeming 
contradiction is explained by the fact that bone growth ceeised 
at approximately 17 weeks of age while body weight increased 
to approximately 33 weeks. 
Examination of the components of body size indicated that 
abdominal fat (SP-A) was phenotypically related to body size 
and shank length but exhibited little heritable basis. On 
the other hand, Littlefield (1972) reported strain differences 
in the quantity of abdominal fat in meat-type birds. In the 
present study, breast probe measurements were not significantly 
correlated to body weight or to other body measurements. 
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The estimated relative growth rate of breast muscle in 
this study was low, but undoubtedly underestimated because 
the breast probe measurement is highly sensitive to body de­
hydration as already discussed. The relative grov/th rate of 
the abdominal skin pinch of 1.0527 indicated that this 
measurement increases at about the same rate ais body weight. 
The relative growth rate of the under-wing skin pinch (0.219 8) 
was nearly the same as that for shank length (0.2225). Since 
the under-wing skin pinch was taken in a region void of sub­
cutaneous fat deposits, it should be a valid estimate of 
the relative growth rate of skin thickness. These results 
lead to the conclusion that abdominal skin pinch gives a 
useful measure of subcutaneous fat deposition; its relative 
growth rate is almost five times that of skin devoid of fat 
deposits. 
Relationships Between Body, Carcass and 
Reproductive Measurements 
Even though the reproductive organs were 2.5 times 
heavier at 33 weeks than at 22 weeks, the coefficient of 
variation was smaller by a factor of 2.8 at the older age. 
This is because pullets at 22 weeks vary widely in reproductive 
or physiological age. 
Internal fat scores at 33 weeks, although slightly lower 
than at 22 weeks, were 1.5 times more variable. At both 22 and 
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33 weeks of age, the heavier birds had higher internal fat 
scores. At 22 weeks, weight of reproductive organs and 
internal fat score were moderately correlated with body weight 
at 21 weeks (r = 0.30 and r = 0.36, respectively). The larger 
pullets had heavier reproductive organs and more fat. The 
abdominal skin pinch at 21 weeks, not being as highly corre­
lated to the 22-week internal fat score as body weight at 21 
weeks (r = 0.16 vs. r = 0.36), indicates that body weight 
is a better live indicator of internal fat. 
The estimators of bone, muscle and fat in this study 
accounted for 49.0 percent of the variation in 21-week body 
weight. Skeletal size, as estimated by shank length, was the 
single most important component accounting fcr 2 8.0 percent 
of the total variation. At the same time, fat deposits ac­
counted for more than 11.0 percent. Muscle measurements 
were of little aid in accounting for the variation in body 
weight at any age. Further work would be required to deter­
mine the real contribution of muscle tissue to the relative 
variation in total body weight of egg-type birds. 
Combining the results of this study with some speculation, 
the changes in the relative importance of the components of 
body weight from age at maturity to peak production can be 
deduced (Figure 4). Since bone growth usually ceases after 
sixteen weeks of age, it is assumed that the contribution of 
bone mass to total body weight variation would remain constant 
40 
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Figure 4. Changes in the relative importance of components of body weight from 
onset of sexual maturity to peak production deduced the results of 
this study 
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beyond this time. 
Most of the fat deposition usually occurs after bone 
growth has ceased and probably reaches a maximum shortly 
after onset of lay. At the same time, the size of the re­
productive organs should account for an increasingly larger 
part of the total variation in body weight, beginning from 
pre-puberty until some maximum is reached perhaps at about 
peak production. 
Hurwitz and Bar (1971) compared pullets individually 
according to their physiological age i.e., day of first egg. 
By plotting body weight of pullets on the basis of flock 
averages, they showed that the body weight gain increased at 
the onset of egg production and continued for two to three 
months. They concluded that onset of production causes an 
increase in body weight gain and that pullets continue to add 
considerably weight during their initial phase of egg produc­
tion. However, this is not in agreement with the results of 
Hurwitz et al. (1971), who noted that, relative to a uniform 
physiological age, the main increase in body weight occurs 
two to three weeks prior to the onset of egg production. 
Variation in sexual maturity, weights of reproductive 
organs and internal fat scores and the correlations between 
them in the present study indicates that a large part of the 
variation in weight gain, observed two to three weeks prior 
to the onset of egg production, is due to both fat deposition 
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and enlargement of reproductive orgcins. The statistically 
significant correlation between 21-week body weight and sexual 
maturity (r = 0,16) indicates that the heavier pullets mature 
earlier and consequently produce more eggs by 32 weeks than do 
the late maturing pullets. 
Waters (1937) noted that earlier maturing Leghorn pullets 
grew faster than late maturing pullets during their first six 
months. The increased growth velocity seemed to be manifested 
when birds were only one week of age. The earliest sexually 
maturing pullets weighed 31.4 percent more at four months than 
the latest sexual maturing pullets. Thus, it seems that late 
maturing pullets exhibit compensatory growth so that at sexual 
maturity, body weight tends toward some norm independent of age 
at maturity. Yet when the first egg is laid, pullets may vary 
widely in age. This explains why many poultrymen have observed 
that at housing age, the heavier pullets which are more mature 
sexually within a given flock, produce more eggs than the 
lighter less mature pullets. On the other hand, if birds 
were compared on a uniform physiological scale, all birds in a 
flock would weigh approximately the same at sexual maturity 
and subsequently would lay the same number of eggs assuming 
tliat each pullet's annual record began on the date of first 
egg and continued for a fixed number of days thereafter. This, 
however, is not a realistic assumption when birds are dealt 
with on a commercial basis. 
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Longitudinal Growth Parameters and their 
Relationship to Egg Production 
Most studies directed toward the examination of rela­
tionships between components of body size and reproductive 
performance have been based on only one age. Since pre­
pubertal body measurements are constantly changing as the 
pullet approaches sexual maturity, there is the question of 
the relationship of longitudinal growth parameters of body 
size to components of reproductive performance. 
In some cases from this study, estimates of longitudinal 
growth parameters were more closely correlated to reproductive 
performance than body measurements taken at a single age. The 
correlation between the growth rate of shank length and egg 
production was -0.20 (P<.05) and 0.01, respectively. On the 
other hand, the correlation of egg production with the average 
thickness of abdominal skin and with 21-week abdominal skin 
thickness was 0.17 (P<.05) and 0.15, respectively. Thus, it 
is possible that longitudinal growth parameters may better 
predict laying performance than single measurements of body 
size at housing age. 
Several workers have proposed that measurements of condi­
tion might be used to predict the best laying pullets. 
Nordskog and Briggs (1968) proposed a body weight/shank length 
ratio as a measure of condition. Using this measure, Casey 
(1970) showed that the ratio was highly correlated with body 
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weight itself. He proposed that a ./body weight/shank length 
ratio might better measure condition. For this index, the 
relative growth rate of bone is equivalent to 0.33. The 
present study indicates that the relative growth of bone is 
0.22 for Leghorn pullets between 9 and 21 weeks of age. 
At 20 weeks of age the relative growth of bone might be some­
what lower since age means for shank length at 21 weeks were 
the same as those for 17 weeks. Since there would be a con­
siderable individual variation in the relative growth rate 
of bone during the pre-laying period, the practice of assign­
ing a single value (0.33) for all birds may not be optimal 
as a measure of condition or fat. 
The measurement with the highest correlation to egg 
production in this study was the estimated growth rate of bone 
(r = -0.19) based on the longitudinal analysis. This measure­
ment would unfortunately involve measuring shank length several 
times and would be impractical on a commercial scale. Probably 
the most useful aids to improve the prediction of egg produc­
tion would be those of 21-week abdominal skin pinch (r = 0.15) 
and 21-week body weight (r = 0.14). 
89 
SUMMARY 
This study was designed to examine the variation in 
body weight of growing pullets of various ages in terms of one 
or more of the body weight components of bone, muscle, fat 
and reproductive organs. Live measurements were used as 
indicators for the bone, muscle and fat components. 
Two separate sets of data were studied. _ first set 
consisted of records of body weight and shank length from a 
static population of 24,000 fully pedigreed mature pullets. 
These data came from a selection experiment involving seven 
White Leghorn lines and three Fayoumi Lines. The second set of 
data came from a specially designed experiment. Over 9,300 
body measurements were taken on a single hatch of a pedigreed 
population of 386 growing Leghorn pullets at 9, 13, 17 and 21 
weeks of age. Since the same body measurements were taken on 
each pullet at all ages, these data are referred to as longi­
tudinal . 
At 22 weeks of age, 160 pullets were sacrificed to obtain 
carcass measurements. The remaining 182 pullets were monitored 
for reproductive performance. The carcass measurements taken 
on the sacrificed birds were: weight of carcass, reproductive 
organs and viscera. The amount of internal fat was estimated 
from a subjective score. Reproductive performance, as measured 
by sexual maturity, egg weight and egg production, was monitored 
by trapnest records on the remaining pullets until 33 weeks. 
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At 33 weeks they were also slaughtered to obtain carcass 
measurements. 
The analysis of static data consisted of calculating 
individual values of and 3^ which are the parameters of the 
g 
allometric relationship y = ax , where y is shank length and 
X is body weight. Heritability estimates were calculated for 
both the metric measurements x and y and for the derived 
values of and for each line. The heritability esti­
mates for ranged from 0.05 to 0.41 and that for from 
0.12 to 0.45. Pooled estimates of heritability based on the 
sire component were 0.27 + 0.02 and 0.31 + 0.02 for 3^ and a^, 
respectively, and indicated that the heritability of is 
probably no higher than 0^. The estimates of heritability 
for these two parameters were lower than the heritabilities 
of the actual measurements themselves. The phenotypic and 
genetic correlations between â.^ and 0^ were high, ranging 
from 0.88 to 1.00, mainly because the estimates of them were 
not independent. 
The initial analysis of the longitudinal data consisted 
of fitting simple linear equations of y on x where y was 
successively, shank length, breast probe and abdominal skin 
pinch and x was body weight. Statistically significant 
individual variation in the relative growth of bone and fat 
was found. Additional body size parameters were derived and a 
correlation analysis between these parameters indicated that 
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between the ages of 9 to 21 weeks, the smaller pullets ex­
hibited compensatory growth in bone, fat and total body weight. 
The estimates for the relative growth of bone and fat from 9 to 
21 weeks of age were 0.2225 and 1.0527, respectively. The 
estimate for the relative growth of muscle was only 0.0243 
which proved to be seriously underestimated because of the 
prevailing high temperatures and subsequent body dehydration 
at 17 weeks and possibly 21 weeks of age. 
The total variation in body weight at 21 weeks due to 
individual differences in bone, muscle and fat proved that 
bone was the most important single component controlling body 
weight. Yet, of major importance was that 11.0 percent of 
the variation in body weight at this age was due to fat 
deposits. The combined indicators of bone and fat in this 
study accounted for 47.0 percent of the variation in 21-week 
body weight. The analysis of carcass measurements indicated 
that at 21 weeks of age, the reproductive organs accounted 
for only 2.0 percent of the total variation in body weight 
but at 32 weeks, they accounted for 10.0 percent. The body 
weight components of carcass, viscera and reproductive organs 
accounted for 85.0 and 89.0 percent of the variation in body 
weight at 21 and 32 weeks of age, respectively. 
From an analysis of the phenotypic correlations between 
reproductive traits and growth parameters, the relative 
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growth of bone from 9 to 21 weeks of age proved ro be sig­
nificantly related with egg production (r = -0.19). 
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GLOSSARY 
Allometry; Differential growth rates of body parts to the 
whole. 
Ontogenic allometry: dynamic changes in form of a growing 
individual to adulthood. 
Static allometry: differences in form among individuals 
(usually adults) at the same age. 
Longitudinal (data or analysis): ontogenic data from a 
population consisting of individuals of the same 
age but measured over successive ages on different 
days i.e., data on growing birds. 
